Natural reforestation after regional forest clearance is a globally common land-use sequence. The genetic recovery of tree populations in these recolonized forests may depend on the biogeographic setting of the landscape, for instance whether they are in the core or in the marginal part of the species' range. Using data from 501 individuals genotyped across 7 microsatellites, we investigated whether regional differences in habitat quality affected the recovery of genetic variation in a windpollinated tree species, American beech (Fagus grandifolia) in Massachusetts. We compared populations in forests that were recolonized following agricultural abandonment to those in remnant forests that have only been logged in both central inland and marginal coastal regions. Across all populations in our entire study region, recolonized forests showed limited reduction of genetic diversity as only observed heterozygosity was significantly reduced in these forests (H O = 0.520 and 0.590, respectively). Within inland region, this pattern was observed, whereas in the coast, recolonized populations exhibited no reduction in all genetic diversity estimates. However, genetic differentiation among recolonized populations in marginal coastal habitat increased (F st logged = 0.072; F st secondary = 0.249), with populations showing strong genetic structure, in contrast to inland region. These results indicate that the magnitude of recovery of genetic variation in recolonized populations can vary at different habitats. Subject areas: Conservation genetics and biodiversity; Population structure and phylogeography
A primary concern in forest conservation genetics is the potential negative impact of human land use on genetic diversity in trees. Given the concerns about forest fragmentation, it is natural that many studies are concerned with potential reductions in diversity in remnant patches of formerly continuous forests (e.g., Jump and Penuelas 2006; Dubreuil et al. 2010) . In addition to forest fragmentation, however, natural forest regeneration is an ongoing and common feature in many regions of the world, including eastern North America and Europe (Foster 2002; Chauchard et al. 2007; Prishchepov et al. 2013) . Fewer studies focus on the potential recovery of genetic diversity in forests that have naturally regenerated (but see Sezen et al. 2007; Kitamura et al. 2008) . It is well documented that species diversity recovers slowly in reforesting landscape (Leahy and Pregitzer 2003; Hall et al. 2004) . The recovery of genetic diversity in these regenerated forests may be equally slow.
In general, however, forest trees are considered resistant to the negative effects of deforestation and fragmentation due to their life-history attributes, for example, longevity, high heterozygosity, and extensive gene flow by pollen and seeds (Hamrick 2004) . In studies of continuous forests surviving land-use fragmentation (remnant forests), negative effects of fragmentation occur primarily in small populations isolated for long time periods (e.g., Jump and Penuelas 2006; Leonardi et al. 2012) . These include genetic bottlenecks, reduced genetic diversity, and, in some cases, altered genetic structure (Fore et al. 1992; Jump and Penuelas 2006; Dubreuil et al. 2010) . The genetic characteristics of these "remnant" forests influences the genetic recovery of "recolonized forests" (cleared land that is subsequently reforested, herein referred to as recolonized forests) because trees in recolonized forests descend from ancestors in remnant forests. For instance, genetic diversity can decrease, increase, or be maintained in recolonized forests depending on whether founder individuals come from multiple genetically diverse sources or from fewer genetically depauperate local populations (Cespedes et al. 2003; Lesser et al. 2013) . Similarly, population differentiation in recolonized forests can either increase or decrease depending on the levels of gene flow via seed and pollen flow among populations (Sork et al. 1999; Sezen et al. 2007) . Seed dispersal and seedling establishment at suitable sites also influence genetic recovery as they affect effective gene flow in recolonized forests and the number of founder individuals (Gillman 1997; Ouborg et al. 1999) .
The processes described above may be particularly pronounced in marginal habitats. For instance, peripheral habitats often contain small, spatially disjunct populations due to lower suitability of the environment. As a consequence, peripheral populations may harbor lower genetic diversity and increased genetic differentiation due to low gene flow relative to populations at the core of the species distribution (Lesica and Allendorf 1995; Lammi et al. 1999; Leimu et al. 2006) , though this is not always the case (Eckert et al. 2008; Sexton et al. 2009 ). Reductions in genetic diversity may also occur at range margins as a result of longer term phylogeographic history such as postglacial migration (Hewitt 2004) . In combination, we expect that the genetic recovery of recolonized forests will be most difficult in marginal habitats and in cases where the logged remnant forests are small and isolated.
Here, we examine the extent to which levels and patterns of genetic variation was altered in recolonized populations of American beech (Fagus grandifolia), a late-successional tree species, along a gradient of environmental suitability in Massachusetts, USA. The region was nearly completely forested at the time of European settlement (400 years ago), but agricultural clearance eliminated almost 80% of these forests by the early 19th century (Foster 1992) . Subsequent natural reforestation produced a landscape where forests cover almost their full original extent (Foster 1992; Eberhardt et al. 2003) . Historical reconstructions suggest that the census population size of American beech, like those of other disturbance-sensitive species, has not recovered its original (pre-European settlement) abundance after regional forest clearance Fuller et al. 1998 Fuller et al. , 2002 . We examined the effect of habitat differences between core (central) and marginal (coastal) populations on the genetic recovery of beech in recolonized forests compared with remnant forests. In Massachusetts, these remnant forests are likely repeatedly logged (herein referred to as logged forests) although they may still represent genetic variation of original undisturbed beech forests as beech is a prolific sprouter. We first tested the hypothesis (hypothesis 1) that logged populations in the coast have lower genetic diversity and increased genetic differentiation than the central, inland populations (central-marginal hypothesis) to examine distribution of genetic variation in these logged populations as they are the sources of recolonizing individuals in recolonized forests. Then, we tested if (hypothesis 2) recolonized forests exhibit reduced genetic diversity and increased genetic differentiation compared with logged forests; an alternative hypothesis is that recolonized forests will exhibit increased genetic diversity compared with logged populations. Finally, we tested whether (hypothesis 3) the magnitude of reduction in genetic diversity in recolonized forests compared with logged forests is greater at marginal than at central habitats.
Materials and Methods

Study Region and Species
Our study area is located in Massachusetts in the northeastern United States ( Figure 1A ). It spans a soil and climate gradient from the coast to the interior, which influences the distribution of many tree species across the region, including American beech (Cogbill et al. 2002) . The higher elevation inland region has a cooler and wetter climate than the coastal region. It is dominated by mesic soils, whereas the coast is dominated by sandy outwash soils with islands of more mesic morrainal till (Foster 2002) .
American beech is a wind-pollinated and late-successional tree species common in northeastern North America. It is shade-tolerant, and juveniles can survive more than 70 years of shade suppression (Poulson and Platt 1989; Canham 1990) . Beech seeds are relatively heavy and dispersed by rodents and bluejays (Johnson and Adkisson 1985) . Beech has 2 modes of reproduction: sexually by seed and asexually by root suckers (Ward 1961; Kitamura and Kawano 2001) .
The postglacial history of American beech in New England has been studied previously using paleoecological, historical, and genetic data (Davis 1981; McLachlan et al. 2005) . Beech arrived around 10 000 years ago in Massachusetts and became abundant ~8000-6000 years ago during a period of climate warming (Davis 1981; Webb 1987; Foster et al. 2002) . Throughout the Holocene, beech was more common in mesic inland sites than on the coast. At the time of European settlement, beech was most abundant in northwest and central Massachusetts but irregularly distributed in low abundance in southern and coastal region ( Figure 1A ). Most coastal beech stands are <5 ha and restricted to mesic soils on moraines (Busby et al. 2009 ). Following European settlement, forests in Massachusetts were extensively logged and cleared for agriculture and pasture. At the peak of forest clearance in the early 1800s, almost 80% of inland Massachusetts and ~ 44% of coastal region was cleared for agriculture or pasture ( Figure 1B ) (Foster 1992; Eberhardt et al. 2003) . Remnant forest fragments generally remained forested throughout postsettlement period, though they experienced repeated logging. These logged forests, thus, comprise original beech trees, stem sprouts, and postsettlement recruits, likely derived from parents within the fragment. Subsequent abandonment of open agricultural land in the late 1800s resulted in natural regeneration of "secondary or recolonized forests" (Leahy and Pregitzer 2003; Hall et al. 2004) . Beech trees in recolonized forests are all derived from seed sources from logged forests. Beech bark disease, a scalefungus disease complex, has affected these beech forests since its spread into Massachusetts ~60 years ago (Houston et al. 1979 ) although it has not significantly altered forest structure and composition (Busby 2006 
Sample Collection and Genotyping
We collected leaf and bud tissue from 501 juvenile individuals from 28 forest stands with different histories throughout Massachusetts ( Figure 1A ). Our goal was to collect 30 individuals from each forest stand, leaving a 5-m gap between samples to reduce the sampling of clones. In forest stands where beech trees were few, we collected as many individuals as possible. We collected beech individuals in logged forests from 6 coastal or island sites (spanning a distance of 112 km) and 8 from western/central (inland) region (~108 km). We also sampled 6 and 8 recolonized forests in coastal and inland regions, respectively. In western and central Massachusetts, land-use history was determined by McDonald et al. (2008) . For the coastal/island sites, we distinguished logged from recolonized forests based on a forest survey map, completed in 1830 near the peak of agriculture deforestation ( Figure 1B ) (Massachusetts Archives 1830, USCGS 1845-61).
Genomic DNA was extracted following the standard cethyltrimethyl ammonium bromide protocol with the addition of 1% polyvinylpyrrolidone and purification using phenol:chloroform:isoamyl alcohol (Doyle and Doyle 1987) . Individuals were genotyped initially across 8 microsatellite loci. Seven of these markers FCM5, csCAT14, and mfc5) were developed for other Fagaceae species (Tanaka et al. 1999; Marinoni et al. 2003; Pastorelli et al. 2003) , whereas one marker, P3566, was derived from a subset of simple sequence repeatcontaining expressed sequence tags (ESTs) identified in a 454-EST database for American beech (Staton et al. 2009 ). Amplifications were carried out in a 25-µL reaction containing 0.2 µM primer, 0.05 unit Taq polymerase (New England Biolabs), 400 µM dNTPs, 1.6 mM MgCl 2 and 1× polymerase chain reaction (PCR) buffer and 10-20 ng of template DNA. Cycling parameters include initial denaturation at 94 °C for 10 min, 35 cycles of 94 °C for 45 s, 53-57.6 °C for 45 s, 72 °C for 1 min, and final elongation of 72 °C for 10 min. PCR products were analyzed with an ABI Prism 3730 in the Genomics Core Facility at University of Notre Dame. Allele sizes were scored using GeneMapper or PeakScanner v.1 (Applied Biosystems). Ambiguous samples (40 out of 500 individuals) were amplified and genotyped again. We have deposited data used in all analyses with Dryad.
Testing Model Assumptions
Deviation from Hardy-Weinberg Equilibrium (HWE) and evidence of linkage disequilibrium (LD) were tested for all possible pairs of loci and populations using the HWE and LD probability test, respectively, in GENEPOP on the web (Raymond and Rousset 1995) . Evidence of null alleles was checked using INEst (Chybicki and Burczyk 2009) , which simultaneously estimates inbreeding coefficient and null alleles, using the Population Inbreeding Model (PIM) (jackknife estimation). In further analysis, we excluded problematic loci with high frequency (>0.19) of null alleles from our data set. This value has been shown as a threshold over which significant underestimate of H E due to null alleles can be found (Chapuis et al. 2008) . Where possible, we employ programs that are robust in presence of null alleles, particularly in estimation of F-statistics.
Genetic Diversity Analysis
We first estimated and compared genetic diversity in logged beech forests between coastal and inland region in order to determine baseline patterns of genetic variation before the historic forest clearance. Observed heterozygosity (H O ), allelic richness (A R ), and unbiased within-population gene diversity (H S ) (expected heterozygosity) were calculated per locus and across all loci and corrected for the lowest population size (i.e., 13) using FSTAT v.2.9.3.2 (Goudet 2001) . We also computed the effective number of alleles (A E ) in SpaGeDi v1.4 (Hardy and Vekemans 2002) , as well as private alleles (unique alleles, A U ) in Arlequin v3.5 (Excoffier et al. 2005) . We compared the mean of each category for each of the genetic diversity parameter (i.e., parameters were estimated first for each population and then averaged for each category) using FSTAT v.2.9.3.2. Significance of comparison was assessed using the nonparametric tests with 10 000 permutations implemented in the program.
Next, we examined the genetic impacts of reforestation by comparing levels of genetic diversity between logged forests and recolonized forests: first, across our entire study site to examine overall genetic impacts of forest recolonization without regard to habitat differences (hypothesis 2), and second, between logged and recolonized forests within each coastal and inland group to account for the impact of habitat differences (hypothesis 3). All comparison tests were conducted between the group (population) mean of each category using FSTAT, with significance test evaluated with 10 000 permutations. We expect reduction of genetic diversity in recolonized forests compared with logged forests and that this pattern will be more pronounced in coastal region.
Population Genetic Structure and Differentiation
We first examined overall population structure and differentiation across our study region regardless of forest history. We computed global and pairwise F st between populations using the program FreeNA (Chapuis and Estoup 2007) to examine the genetic differentiation across all populations. The Estimation of Null Allele method in FreeNA efficiently corrects for the positive bias on F st estimation posed by the presence of null alleles. Overall population genetic structure was determined (regardless of region and forest history) without a prior assumption using the Bayesian clustering program BAPS version 5.3 (Corander et al. 2003) . This allows us to assess the broadscale population structure across our entire study region. BAPS infer parameters of model consistent with multilocus genotypic data, treating them as variable and therefore explore a wide parameter space. It partitions data among groups based on similarities in population allele frequencies. We conducted BAPS analysis across all populations (K = 28) to determine overall structure using the clustering method, with 100 iterations. Migration and shared ancestry result in weaker structure among populations, whereas genetic drift and low gene flow result in stronger structure.
We further investigated the patterns of regional spatial genetic structure (SGS) of logged forests separately within inland and coastal regions to examine genetic structure prior to 19th-century forest clearance and therefore have a better context for assessing the impact of this forest clearance. We assessed significance of relationship between (regional) pairwise population F st values and geographic distance (km) for each region separately using a Mantel test with 10 000 randomizations implemented in IBDWS (Jensen et al. 2005 ). This analysis also tests for isolation-by-distance (IBD) pattern among populations within each region, which can lead to spatial genetic structuring among populations as wind-pollinated species are capable of long-distance dispersal. Regional pairwise F st and corresponding geographic distances were calculated in SpaGeDi v.1.4 (Hardy and Vekemans 2002) . To examine whether degree of scatter increases with increasing geographic distance within each region, we calculated residuals from the standard linear regression of pairwise F st values on corresponding geographical distances and then regressed this onto geographic distance and the significance was assessed, similar to de LaFontaine et al. (2013) . We expect low degree of scatter if there is a significant relationship between genetic and geographic distance and hence a significant SGS pattern among populations as a consequence of IBD process. All statistical tests were carried out in R (R Development Core Team 2010). We also compared group mean F st values of logged forests between inland versus coastal region using FSTAT to examine whether coastal populations show stronger genetic differentiation than inland populations (hypothesis 1).
Forest regeneration can alter the genetic structure and differentiation among the resulting recolonized populations. We first assessed whether recolonized populations show increased genetic divergence by comparing levels of genetic differentiation (F st ) between 1) logged versus recolonized forest and 2) logged versus recolonized forests within each inland and coastal groups. Comparison tests were conducted between group (population) mean of each category using FSTAT, with significance evaluated with 10 000 permutations. Next, we examined if recolonized forests maintained the patterns of SGS observed in logged forests within each region using similar SGS approach described above. A 2-way Anova test was conducted using R v.2.15.1 (R Development Core Team 2010) to examine more fully the interaction between fragmentation and environmental suitability for each measure of genetic diversity, using forest history (logged vs. secondary) and region (coastal vs. inland) as factors.
Historical Bottleneck and Inbreeding Levels
Founder events, such as colonization of new habitats by a small number of individuals, can lead to genetic bottlenecks. We used 3 tests to detect genetic bottlenecks. First, we calculated the M-ratio of each population using ARLEQUIN v.3.5. M-ratio is the mean ratio of actual number of alleles to range in all possible allele sizes. It detects populations that have undergone large reduction in effective population size at a critical value of 0.68 (Garza and Williamson 2001) .
The other 2 tests detect more recent bottlenecks (WilliamsonNatesan 2005; Girod et al. 2011) . Allele frequency mode shift examines shifts in the typically skewed allele frequency distribution (i.e., "L" shape) spectrum of populations at equilibrium due to preferential loss of low-frequency alleles when population undergoes recent reduction in effective population size. Finally, we tested for heterozygote excess by comparing actual heterozygosity to that expected in a population under mutation-drift equilibrium. We examined both tests using a 1-tailed Wilcoxon signed-rank test in BOTTLENECKv.1.2.02 (Luikart and Cornuet 1998) under 2-phase mutation model of evolution (proportion of stepwise mutations = 0.70, σ 2 = 30), which fits microsatellite markers better.
We estimated inbreeding levels (F is ) using the program INEst (Chybicki and Burczyk 2009) . We used the PIM, which calculates the population-wide average inbreeding coefficient, as our study is more concerned with overall inbreeding of a population than individual inbreeding coefficient.
Factors Explaining Genetic Variation
We investigated factors that could contribute to or affect our population genetic measures for each coastal and inland group, using methods similar to those used by Hoban et al. (2010) . Sites with no historical data were excluded from the analysis. The primary variable of interest is land-use history. We determined the best predictors of the measures of genetic diversity (A R , H O , H S , N A , and E A ) using the following variables: 1) beech percentage at start of settlement as proxy for long-term historical beech abundance, 2) forest history (secondary or logged), and 3) mean size of forest fragments within 5 km of the site at the peak of agriculture deforestation. We estimated the relative abundance of beech in forests at the time of settlement based on settlement-era surveys. Mean fragment size was calculated as the average forest fragment size at the peak of agriculture deforestation (ca. 1830) surrounding each site. Multiple regression analysis was used for each of the 5 response variable (A R , H O , H S , N A , and E A ) using the 3 predictor variables. We performed model simplification using a backward removal of nonsignificant terms using R v.2.15.1 (R Development Core Team 2010). We performed these analyses separately for inland and coastal groups.
Results
Null Alleles and HWE
One locus, FS1-03, showed a frequency of null alleles >0.19 and was excluded from our data set. The presence of null alleles was also suspected in other loci with frequencies ranging from 0.03 (csCAT14) to 0.10 (FS1-15), although they are randomly distributed across all populations. To determine if PCR and scoring errors or large allele dropout could have contributed to the observed heterozygote deficit, we regenotyped a subset of individuals (35 individuals) that are homozygous at a particular locus (mostly FS1-03 and FS1-15) across populations 3 more times. With the exception of 5 samples where amplification of another allele at 1 locus was obtained, all individuals showed similar results.
The mean number of alleles per locus per population ranged from 4.28 to 13.143. The total number of alleles (N A ) across all 7 loci is 240 (mean N A per locus = 34.2 and mean N A per population = 8.57). We found minimal significant LD (11 out of 588 possible locus-population combination). Test of HWE per locus on each population revealed that 44 out of 196 combinations (22.4%) showed significant departures. As beech is prolific sprouter, we looked at individuals sharing the same genotypes and found only four with the same genotype.
Population Genetic Diversity and Differentiation in Logged Forests
Overall, logged beech populations exhibited moderate levels of genetic diversity across the landscape. The observed heterozygosity and gene diversity were 0.557 and 0.694, respectively, whereas the overall allelic richness (A R ) (averaged across all populations and loci) was 6.117 (Table 1) . We observed a clear trend in genetic diversity levels across the landscape. Coastal populations showed significantly lower levels of allelic richness, within-population gene diversity, and effective number of alleles than inland populations, supporting our first hypothesis (Table 2 and Figure 2) .
Genetic differentiation among logged coastal populations was not significantly different from that of inland populations although the level was almost twice as high in the coast (Table 2) . We found no significant relationship between regional pairwise F st and geographic distance in either inland (r = −0.017, P = 0.466) or coastal region (r = −0.215, P = 0.627). Furthermore, scatter plot between genetic and geographic distance indicates that the degree of scatter did not significantly increase with geographic distance in either region although it was higher in the coast than in the inland region (residual F st variance coast = 0.001; inland = 0.0004). These patterns indicate no significant SGS within each region as a consequence of IBD.
Historical Genetic Bottlenecks and Inbreeding Levels
All populations have M-ratio values lower than the critical value 0.68, suggesting the presence of an older genetic bottleneck, likely associated with the postglacial migration of American beech (Table 1) . None of the populations showed evidence of more recent genetic bottlenecks (based on mode shift in allele frequency spectrum), although 4 populations showed heterozygosity excess. Tests for inbreeding levels (positive F is ) indicate that 8 populations exhibit positive F is values although only 2 populations (both recolonized forests from inland region) showed F is levels significantly different from 0, suggesting inbreeding in these 2 populations (Table 1) .
Population Genetic Diversity and Differentiation After European Settlement
Observed heterozygosity across our study area was significantly lower in all recolonized forests, supporting our second hypothesis (Table 3) . Allelic richness, within-population gene diversity, and effective number of alleles were lower, but not significantly so in recolonized forests. Among coastal forests, recolonized forests were not significantly less diverse than logged forests (Table 4) . Within the inland group, only observed heterozygosity was significantly reduced in recolonized forests.
Genetic differentiation increased significantly among recolonized forests on the coast but not in inland forests (Table 4) . Across all populations, the increase in differentiation was not significant (Table 3) . BAPS clustering identified 9 beech population clusters across both logged and recolonized forests (K = 9), with 8 coastal clusters and 1 large cluster comprising all (logged and recolonized) inland populations along with one of the logged coastal populations (Figure 3) . The overall population genetic differentiation among all beech populations was high, with mean pairwise F st = 0.110 (P < 0.05). A weak but significant pattern of IBD (significant relationship between pairwise F st and geographic distance) was observed across all recolonized populations (r = 0.386, P < 0.05) and among recolonized forests in the inland region (r = 0.381, P = 0.04) but not on the coast (r = −0.1607, P = 0.60). However, scatter plot indicates that the degree of scatter (residual F st variance) was lower in recolonized inland compared with recolonized coastal populations (residual F st variance coast = 0.007; inland = 0.0008), though it did not significantly increase with geographic distance in either region. The 2-way Anova test revealed no significant interaction between region and forest history, although both region and forest history have significant effects on all measures of genetic diversity.
Factors Explaining Genetic Variation
In the multiple regression analysis across all sites, none of the explanatory variables, land-use history, percent beech at time of settlement, or fragment size at the peak of agriculture, significantly explained A R , H S , H O , or A E (Table 5 ). However, variation in the number of alleles (N A ) was significantly explained by forest fragment size in coastal populations, whereas variation in observed heterozygosity (H O ) was significantly explained by land-use history in inland populations.
Discussion
The question of how much genetic variation is recovered when forests recolonize cleared agriculture lands is important to consider in the context of current and future land-use changes. We found that the extent of recovery of genetic variation in a reforesting landscape varies in populations at different habitats. In marginal coastal habitats, the process of recolonization of agriculture lands led to increased divergence among postagriculture forests although no reduction in the overall genetic diversity. This was not the case in inland (core) region.
Prehistoric Context for the Impact of Deforestation and Recovery of Genetic Diversity
The most recent event shaping diversity in the forests of Massachusetts was the extensive agricultural deforestation following European settlement 400 years ago Hall et al. 2004 ). However, these impacts play out against a template formed by the earlier, postglacial history of species (Petit et al. 1997) . Phylogeographic studies of American beech have shown that Massachusetts was colonized by a single beech chloroplast lineage from southern populations ~10 000 years ago (McLachlan et al. 2005; Morris et al. 2010 ). Across our entire study site, all logged beech populations exhibited historical genetic bottlenecks, consistent with founder events typical of postglacial colonization. The overall moderate levels of nuclear genetic diversity throughout the region mirror the low beech chloroplast DNA diversity found in Massachusetts from these earlier range-wide studies (McLachlan et al. 2005; Morris et al. 2010) . Subsequent influence of the environment on beech populations after their colonization and establishment led to a marked difference in levels and patterns of genetic variation between the inland (core) and peripheral coastal populations. The reduced genetic diversity and strong genetic differentiation we found among logged coastal populations in contrast to inland populations suggest that coastal populations experienced genetic isolation after their postglacial arrival, due to marginality of the coastal environment for beech. Environmental marginality influences the degree of spatial isolation in suitable patches of habitats, leading to genetic isolation of populations although gene flow might still occur among neighboring populations under such geographically restricted dispersal (Eckert et al. 2008) . As a consequence, strong SGS pattern can be generated due to IBD process (although other factors might cause SGS as well) (Hutchison and Templeton 1999; de LaFontaine et al. 2013 ). In our study, the lack of SGS and the individual clusters identified in BAPS analysis among coastal populations indicate that IBD was not a predominant force in shaping genetic structure among populations. The historic isolation, combined with small population size, may have caused these coastal beech populations to diverge independently to the extent that IBD is no longer taking place and to lose genetic variation over time via genetic drift. Our results also suggest that the isolation of beech populations in presettlement forests at the coast is the predominant force in shaping their genetic structure, overcoming their effective gene dispersal through seeds and pollen.
Genetic Impact of Deforestation
Logging can potentially have negative genetic impacts on tree populations as a consequence of removing reproductive individuals in a population (e.g., Baucom et al. 2005 ). We did not find evidence of recent genetic bottlenecks in any of the remnant beech forests, which were all likely repeatedly logged. The brief bout of extensive regional deforestation in eastern North America (a one-generation disturbance for beech) apparently did not disrupt the breeding system of American beech to the extent observed in European beech over a longer period of forest fragmentation (Jump and Penuelas 2006) . We note that beech is a prolific sprouter, so it is likely that many original trees survived repeated logging episodes in logged populations. We also note though that this disturbance might be too recent (relative to life span of beech) for genetic bottlenecks to be detected.
Recovery of Genetic Variation Across a Gradient of Environmental Suitability
Recolonized forests, by contrast, must originate from these logged (remnant) populations, and postagricultural reforestation in our recolonized populations appears to have had an impact on the recovery of genetic variation. Across our entire study site, we found an overall decrease in heterozygosity but no increase in genetic differentiation in recolonized forests compared with logged forests. In marginal coastal habitat, the more pronounced genetic structure in logged coastal populations became further exacerbated as genetic differentiation increased in these newly recolonized forests (Table 4) . Moreover, similar to logged coastal populations, we observed strong population structure in recolonized forests based on BAPS analysis, but this was not correlated with distance (no significant SGS). The lack of SGS in recolonized populations might be due to recent establishment of these populations, thus no sufficient time for dispersal-drift equilibrium to occur (Hutchison and Templeton 1999) . These results indicate that the processes shaping genetic structure in logged forests at marginal habitat are accentuated during postagricultural recolonization. Genetic differentiation may increase or decrease in recolonized populations depending on both the number of founding individuals and subsequent migrants (Wade and McCauley 1988) . Our results suggest that only relatively few founding individuals of local origin recolonized agriculture lands, possibly due to the marginality of coastal environment that limits seed dispersal and seedling establishment. Moreover, these founders apparently do not represent the breadth of genetic variation found in logged forests in the coast. Recolonized forests in the coast received only a subset of local genetic sources at the time of colonization instead of receiving mixed gene flow from differentiated logged populations across the landscape, thus becoming more differentiated. This is similar to other reported findings (Vellend 2004; Baucom et al. 2005; Davies et al. 2010) . Our results suggest that this strong genetic differentiation may persist into later generations given the limited gene flow (seed-and pollenmediated gene flow) among beech populations on the coast. The recovery of genetic diversity in recolonized populations in inland region, on the other hand, appears more complete than on the coast. Overall genetic diversity in inland recolonized forests was not significantly lower than that in logged forests. Moreover, the original genetic structure of the logged forests was maintained as all inland populations regardless of forest history belong to a single panmictic population, with no significant increase in genetic differentiation in recolonized forests (Table 4) . This overall low impact of deforestation in inland populations is presumably due to the presence of genetically diverse and relatively large source populations. Such immediate recovery of genetic diversity in recolonized populations can occur if the founding individuals come from genetically diverse sources and high gene flow from these sources was subsequently maintained. High levels of gene flow among populations have been shown to balance the effect of fragmentation or delay the loss of genetic diversity (Fore et al. 1992; Craft and Ashley 2010; Leonardi et al. 2012) . Maintenance of genetic diversity in recolonized forests had also been reported in another study of American beech in a different part of its range (Kitamura et al. 2008) .
Conservation Implications
The potential of human land-use changes to significantly impact tree population genetics is still a subject of continuing research (Hamrick 2004; Kramer et al. 2008) . Although temperate forests are generally considered resistant to the negative effects of fragmentation (Hamrick 2004) , our findings illustrate the importance of taking into account differences in habitat as they can influence the extent of genetic recovery in recolonized forests. In marginal coastal habitat, the factors that alter the level of genetic differentiation and genetic variation in natural forests are amplified by even a short bout of regional disturbance. This finding is relevant to conservation genetic planning in the context of shifting trends in land use and also in the context of population shifts under climate change. For instance, available models suggest that New England's climate will become less favorable for American beech this century (Prasad et al. 2007 ) and this might be true for other species as well. If anthropogenic pressures continue to increase amidst changing climate that results in less favorable environment, the genetic consequences of fragmentation typical of the current forests would then become more severe in the future. However, our results also indicate that these negative impacts can be ameliorated given the extensive gene flow among populations in favorable habitats. More generally, our findings are also relevant in informing conservation efforts such as assisted migration and reforestation whose aims are to maximize genetic diversity within and among populations. Understanding the process of recovery and development of genetic diversity in newly recolonized forests, for instance, can give insights into how a given level of genetic diversity within populations can be maintained (Frankham 2010) .
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